In this study, we aimed to evaluate the influence of diet-induced obesity on IL-6 deficiency-induced bone remodeling abnormality. Seven-week-old IL-6 -/mice and their wild type (WT) littermates were fed a standard diet (SD) or highfat diet (HFD) for 25 weeks. Lipid formation and bone metabolism in mice tibiae were investigated by histochemical analysis. Both IL-6 -/and WT mice fed the HFD showed notable body weight gain, thickened cortical bones, and adipose accumulation in the bone marrow. Notably, the HFD normalized the bone phenotype of IL-6 -/mice to that of their WT counterpart, as characterized by a decrease in bone mass and the presence of an obliquely arranged, plate-like morphology in the trabecular bone. Alkaline phosphatase and osteocalcin expressions were attenuated in both genotypes after HFD feeding, especially for the IL-6 -/mice. Meanwhile, tartrate-resistant acid phosphatase staining was inhibited, osteoclast apoptosis rate down-regulated (revealed by TUNEL assay), and the proportion of cathepsin K (CK)-positive osteoclasts significantly increased in IL-6 -/mice on a HFD as compared with IL-6 -/mice on standard chow. Our results demonstrate that HFD-induced obesity reverses IL-6 deficiency-associated bone metabolic disorders by suppressing osteoblast activity, upregulating osteoclastic activity, and inhibiting osteoclast apoptosis. (J Histochem Cytochem 64:42-53, 2016) 
Introduction
Obesity and osteoporosis-commonly associated with a sedentary lifestyle and malnutrition-are increasingly gaining attention in modern society because both conditions have the potential to cause serious health-related consequences. Although usually considered separately, these two disorders seem to be closely related (Goulding et al. 2005) . However, there is no consensus as to the relationship between obesity and osteoporosis, despite much related literature (Reid et al. 1994; Ionova-Martin et al. 2010) . Obesity is traditionally considered to be favorable to bone formation, and thus protective against osteoporosis.
Mechanical loading conferred by the increased body weight stimulates bone formation by increasing the proliferation and differentiation of local osteoblasts and osteocytes as well as decreasing apoptosis of osteoblastic lineage cells through the Wnt/β-catenin signaling pathway (Patsch et al. 611931J HCXXX10.1369 /0022155415611931High-Fat Diet and Bone RemodelingFeng et al. research-article2015 2011 . Clinical studies have shown that body weight or body mass index (BMI) is positively correlated with bone mineral density or bone mass, whereas low body weight or a low BMI is a risk factor for low bone mass and bone loss in humans (Felson et al. 1993; Ravn et al. 1999; Reid 2002) .
Recent reports have demonstrated that high-fat dietinduced obesity is a cause of bone loss and may be regarded as a risk factor for osteoporosis (Jelcic 2010; Russell et al. 2010) . A cross-sectional study of 200 young people aged 3 to 19 years showed that increased adiposity may be linked to an increased risk of bone fracture (Goulding et al. 2001 ). Another large cross-sectional study of 13,000 adult men and women also indicated a positive association between percentage body fat and osteopenia (Pollock et al. 2007 ). In animal studies, high-fat diet-induced obese mice demonstrated impaired bone microarchitecture and mechanical properties along with enhanced bone resorption and osteoclast formation (Halade et al. 2010; Halade et al. 2011; Patsch et al. 2011) . Although several potential mechanisms involved in obesity-related stimulation of osteoclastogenesis have been proposed, including accumulated adipocyteassociated, low-grade inflammation (Halade et al. 2011) and changes in adipose tissue-derived hormones (Ducy et al. 2000; Wang et al. 2014 ), the precise mechanisms underlying the association between obesity and bone are still not well elucidated.
Interleukin-6 (IL-6) is a highly pleiotropic cytokine that affects numerous biological events, including bone remodeling (Kamimura et al. 2003) . In bone, IL-6 is initially regarded as an osteoclastogenesis promoter because of its capacity to induce the differentiation of osteoclast precursor cells into mature and active osteoclasts both in vitro (Ishimi et al. 1990; Yokota et al. 2014 ) and in vivo (Binkley et al. 1994; Wong et al. 2006) . Elevated IL-6-induced inflammation is also shown to be responsible for obesity-associated bone loss in mice (Halade et al. 2011 ). However, other groups have ascribed an inhibitory role to IL-6 in osteoclast formation and in bone resorption through a reduction in the expression of osteoclastic markers (TRAP, cathepsin K, calcitonin receptor) and the inhibition RANKL signaling pathways (Duplomb et al. 2008; Yoshitake et al. 2008) . Meanwhile, the roles of IL-6 in osteoblastogenesis also remain controversial, with both positive and negative effects reported (Erices et al. 2002; Franchimont et al. 2005; Peruzzi et al. 2012; Kaneshiro et al. 2014) . Therefore, to delineate whether IL-6 is anabolic or catabolic in bone metabolism, we previously performed histological analyses of tibiae using a middle-aged (32 weeks old) IL-6 -/murine model and demonstrated that IL-6-deficient middle-aged mice show increased bone formation and increased osteoclast number, with a significant reduction in osteoclastic bone resorption capacity and a high rate of apoptosis. Collectively, these changes caused an immature phenotype of the bone microstructure characterized by an increase in trabecular bone volume, suggestive of an inhibitory effect of IL-6 depletion on cell viability and bone resorptive ability of osteoclasts in mice (Liu et al. 2014) .
Given the involvement of high-fat diet-induced obesity in bone metabolism, we postulated that a high-fat diet could alter, to some extent, the abnormalities associated with an IL-6 deficiency-induced bone phenotype. To confirm this speculation, we conducted a histological study on the tibiae of IL-6 knockout mice fed a high-fat diet or normal diet.
Materials & Methods

Animals and Diets
The study was approved by the Institutional Animal Care and Use Committee of Shandong University and Hokkaido University. Seven-week-old, male, IL-6 -/mice and their wild type (WT) littermates (The Jackson Laboratory; Bar Harbor, ME) were used in these experiments. IL-6 -/mice were backcrossed onto the C57BL/6 background for 10 generations and then intercrossed to produce homozygotes. During the initial 7 days of acclimatization, all mice received a standard diet (SD), the mice were divided into four groups (n=8 each). WT mice that remained on the SD served as the control group (WT & SD group), while other WT mice were switched to high-fat diet (HFD) (WT & HFD group) for 25 weeks. Both diets were purchased from Oriental Yeast Co. Ltd. (Tokyo, Japan). The IL-6 -/mice were also randomly divided into two groups: mice in one group were received the SD (IL-6 -/-& SD group) and those in the other group were fed a HFD (IL-6 -/-& HFD group) for the same period. All mice were maintained in a temperature-controlled room at 25°C under a 12-hr light/dark diurnal cycle, with free access to food and water throughout the experiment. Body weight was recorded weekly. After 25 weeks' breeding, control and diet-induced obese mice were subjected to transcardiac perfusion with a fixative of 4% paraformaldehyde in a 0.1 M phosphate buffer (pH 7.4). Tibiae were removed and immersed in the same fixative for additional 12 hr. Following fixation, samples were decalcified with 10% EDTA-2Na solution for 3 weeks at 4°C. After that, the specimens were dehydrated through an ascending ethanol series and then embedded in paraffin using standard procedures. For observing general morphology, 5-μm-thick paraffin sections were prepared, and dewaxed sections were stained with hematoxylin and eosin (H&E).
H&E Staining and Bone Histomorphormetry
H&E staining was performed to investigate the morphology of the metaphyses in mice among the four groups. Stained sections were observed and digital images were taken with a light microscope (Olympus BX-53; Tokyo, Japan). Image-Pro Plus software (version 6.2; Media Cybernetics, Rockville, MD) was used to measure bone histomorphometric parameters, including trabecular bone volume (BV/TV, bone volume/tissue volume × 100%), trabecular number (Tb.N), trabecular thickness (Tb.Th) and trabecular separation (Tb. Sp). Eight slices for each sample were used for quantitative histomorphometric analysis to obtain the mean value.
Visible adipocytes (>30 μm in diameter) were also counted within the trabecular region (i.e., from the growth plate to 2 mm distally) using a light microscope (Olympus BX-53).
Immunohistochemistry for Alkaline Phosphatase, Osteocalcin, Cathepsin K and Tartrate-resistant Acid Phosphatase Staining
Paraffin sections were dewaxed in xylene and rehydrated in an ethanol series for immunohistochemical staining for tissue nonspecific alkaline phosphatase (ALP), osteocalcin (OCN), and cathepsin K (CK). Endogenous peroxidases were blocked by incubating sections in 0.3% hydrogen peroxide for 30 min at room temperature. Then, dewaxed paraffin sections were pre-incubated with 1% bovine serum albumin in phosphate-buffered saline (BSA-PBS) for 20 min to reduce non-specific binding. Sections were incubated with (1) rabbit anti-serum against rat tissue-nonspecific ALP at a dilution of 1:200, (2) goat anti-rat OCN antibody at a dilution of 1:150, or (3) goat anti-rat CK antibody at a dilution of 1:100, all diluted in BSA-PBS at room temperature for 2 hr. After rinsing with PBS, the sections were incubated with horseradish peroxidase (HRP)conjugated secondary antibodies (Chemicon International Inc.; Temecula, CA) at a dilution of 1:100 for 1 hr at room temperature. All immunoreactions were visualized with diaminobenzidine (DAB) staining. Tartrate-resistant acid phosphatase (TRAP) staining for osteoclast visualization was performed as previously reported (Liu et al. 2014) . Staining results were observed by light microscopy and all sections were slightly counterstained with methyl green. The mean optical density of ALP and OCN were measured in three randomly selected, non-overlapping microscopic fields from each section using Image-Pro Plus 6.2 software. Area of interest (AOI) was manually selected in a histogram-based manner.
Cell Apoptosis Assay
Cell apoptosis was determined using terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end labeling (TUNEL) method using the TACS 2TdT-Blue Label In Situ Apoptosis Detection Kit (Trevigen Inc.; Gaithersburg, MD). Dewaxed sections were incubated with 1% proteinase K (Trevigen Inc.) diluted 1:200 at 37°C for 15 min, followed by inhibition of the endogenous peroxidases at room temperature for 5 min. After treatment with TdT enzyme at a dilution of 1:50 at 37°C for 1 hr, sections were incubated with HRP-conjugated streptavidin at room temperature for 15 min. The reaction was made visible with the blue label solution provided in the kit. Apoptotic osteoclasts were identified as being both TUNEL and TRAP positive in the same field of view on serial sections.
Statistical Analysis
Bone structure parameters and integrated optical density of ALP, OCN and CK as well as the number of osteoclasts/ field were assessed with Image-Pro Plus software. All values are presented as the mean ± standard deviation. Oneway ANOVA was used for multiple groups' comparison, and the mean value of each group was compared using the Student-Newman-Keuls (SNK) test. p<0.05 was considered to be statistical significant.
Results
Changes in Body Weight and Effect of High-fat Diet on Bone Marrow Adiposity
In this study, we found that 25 weeks of feeding on a HFD significantly increased the body weights of mice as compared with those fed a SD, especially between the WT groups (28.75 ± 1.06 g vs 50.86 ± 2.42 g for WT mice fed with SD and HFD, p<0.001; 40.76 ± 4.75 g vs 47.72 ± 2.08 g for IL-6 -/mice fed with SD and HFD, p<0.05, respectively; Fig. 1 ). To confirm the effect of a HFD on adipogenesis within the bone marrow microenvironment, bone Figure 1. Body weight alterations of WT and IL-6 -/mice fed a standard diet (SD) or high-fat diet (HFD). Comparing within the same genotypes, the HFD significantly increased the body weight of WT and IL-6 -/mice, especially those in the WT groups, as compared with their respective counterparts fed a SD. Data are the mean ± SD, *p<0.05, **p<0.001, comparing the same genotype.
marrow adiposity was evaluated via H&E staining. On the SD, mice showed no significant differences in the number or size of adipocytes between IL-6 -/and WT mice ( Fig. 2A , 2C and 2E). On the HFD, the number and size of adipocytes were significantly increased as compared with the respective control mice fed a SD (Fig. 2B, 2D and 2E ). This indicates that the HFD enhances adipogenesis within the bone marrow microenvironment.
Histological Manifestation in the Tibiae and Statistical Analysis
Histological tibial changes showed that 32-week-old WT mice fed a SD had sparse and dispersed, island-shaped, trabecular bone, whereas the age-matched HFD-fed WT mice showed thickened cortical bone and obliquely arranged plate-like trabecular in the same areas (Fig. 3A , 3B, 3E). Compared with their WT counterparts, tibiae from IL-6 -/-& SD mice displayed significantly increased trabecular bone volume fraction (p<0.001, Tb.BV/TV), trabecular number (p<0.001, Tb.N), trabecular thickness (p<0.05, Tb.Th) and trabecular separation (p<0.001, Tb.Sp) in the metaphysis, whereas HFD feeding dramatically reduced the aforesaid bone histomorphometric parameters and transformed the abnormal bone morphology of IL-6 -/-& SD mice to resemble that of WT & HFD mice (Fig. 3C, 3D ; Table 1 ). However, there were no significant differences in the morphology or architecture of the bone metaphysis between WT and IL-6 -/mice on a HFD (Fig. 3B, 3D ).
Effects of High-fat Diet on Osteogenesis
In WT & HFD mice, ALP expression at the trabecula surface of the tibiae was slightly decreased as compared with that measured in the SD-fed littermates (Fig. 4A, 4B and 4E ). In contrast, ALP expression in IL-6 -/-& SD mice was significantly enhanced as compared with that in the other groups, with HFD feeding remarkably attenuating the degree of ALP staining in IL-6 -/mice to the level of that seen in the WT & HFD mice (Fig. 4C, 4D and 4E ). OCN, another critical osteogenic marker expressed in the bone matrix, was similarly reduced by feeding on the HFD, especially for mice in the IL-6 -/-& HFD group (OCN immunostaining not shown; statistical analysis for mean optical density is shown in Fig. 4F ).
Effects of High-fat Diet on Osteoclastogenesis and Cathepsin K Expression
Osteoblast-mediated bone formation and osteoclast-mediated bone resorption are functionally interrelated in bone remodeling. To gain insight into the changes to osteoclastogenesis after HFD feeding, we used TRAP staining to visualize osteoclasts in the metaphyses of tibiae and score the number of TRAP-positive multinucleated cells (MNCs). We found that WT mice fed a HFD showed a similar number of TRAP-positive osteoclasts as mice on a standard diet (WT & SD group; Fig. 5A, 5B) , indicating that the HFD exerted no significant effect on osteoclastogenesis in WT mice. Intriguingly, the number of osteoclasts per field for mice in the IL-6 -/-& SD group was 3-fold higher than that seen for mice in the WT & HFD group (42 ± 8 vs 148 ± 36 for WT & SD and IL-6 -/-& SD mice, respectively; Fig. 5A , 5C and 5E), and this increase was abrogated after feeding on the HFD (Fig. 5C, 5D and 5E).
Cathepsin K is one of the most important enzymes secreted by osteoclasts for the degradation of bone matrix. In this study, CK expression was used as an indicator of osteoclast activity. In WT mice, the number of CK-positive osteoclasts was comparable with that of TRAP-positive cells ( Fig. 6A-6D, 6I) . But, when compared with the IL-6 -/-& SD group, the percentage of CK-positive osteoclasts as a function of the total number of TRAP-positive cells dramatically dropped (Fig. 6E, 6F and 6I) , indicating that IL-6 knockout suppressed the activity of osteoclasts. However, feeding on the HFD in IL-6 -/mice changed this discrepancy in the proportions of CK-positive and TRAP-positive cells to approximate that of WT mice (Fig. 6G, 6H and 6I ).
Effects of High-fat Diet on Apoptosis of Osteoclasts
Our previous study showed that IL-6 depletion promoted osteoclastogenesis with a concomitant increase in apoptosis of osteoclasts in mouse tibiae, and we believed that this could be partly explained by the increase in osteoclast cell number and asymmetric bone resorption activity (Liu et al. 2014 ). In the present study, our results showed that there was almost no or only a small amount of visible apoptotic bodies in the micro-vision field in WT mice fed either a SD or HFD (Fig. 7A-7D ). In contrast, in IL-6 -/-& SD mice, the number of apoptotic bodies significantly increased as compared with that in the WT groups, especially at sites where TRAP-positive multinucleated cells were located, as observed in serial slices (Fig. 7E, 7F and 7I ). Feeding with a HFD significantly reduced this apoptosis in bone marrow cells, including the number of TRAP-positive multinucleated osteoclasts, in IL-6 -/mice (Fig. 7G, 7H and 7I ).
Discussion
Our previous study demonstrated that middle-aged IL-6 -/mice showed abnormal bone microstructure in their tibiae, including delayed development of the tibial metaphysis and the presence of a more abundant, thicker but immature trabecular bone, which was perhaps caused by a down-regulation in osteoclast activity and an increase in their rate of apoptosis (Liu et al. 2014 ). In the present study, HFDinduced obesity was established in IL-6 -/mice to investigate the effect of long-term consumption of a HFD on IL-6 deficiency-induced abnormal bone microstructure. In addition to the markedly increased body weight gain, feeding on a HFD normalized the bone phenotype of IL-6 -/mice to that of the WT control, as characterized by a thickened cortical bone and an obliquely arranged plate-like trabecular bone. Specifically, the significantly attenuated bone resorption activity and survival capacity of osteoclasts in the IL-6 -/mice were restored by feeding on a HFD, which may account for the higher extent to which the abnormal bone microstructure was restored. HFD is found to be positively correlated with an increase in body mass and fat accumulation (Ghibaudi et al. 2002; Hariri and Thibault 2010) . As expected, mice on the HFD for 25 weeks showed significantly higher body weights and bone marrow adiposity than mice fed a standard chow. Although recent reports have shown that excessive fat mass is associated with decreased bone mineral density and may be a risk factor for osteoporosis (Halade et al. 2011; Fehrendt et al. 2014) , obesity is also thought to be beneficial to bone and prevent bone loss and osteoporosis (Douchi et al. 1997; Kopelman 2000) , with the mechanical loading conferred by this increased body weight thought to stimulate bone formation by decreasing apoptosis and increasing the proliferation and differentiation of osteoblasts and osteocytes (Ehrlich and Lanyon 2002) through Wnt/βcatenin signaling (Sawakami et al. 2006; Bonewald and Johnson 2008) . In the present study, tibial histological sections from HFD mice showed obliquely arranged plate-like trabeculae, as well as increased cortical thickness and bone mass, as demonstrated by the increased BV/TV ratio; these findings are in agreement with the profitable effect of body weight gain on bone mass and this change may be associated with increased gravity induced-adaptation of bone microstructure. It is suggested that conflicting results in reports that examine the relationship between HFD inducedobesity and bone mass may be attributable to differences in the ages of animals examined. Animal studies as well as clinical observations have revealed that obesity in younger animals, including adolescents and children, is associated with reduced bone quality and increased bone fracture incidence (Taylor et al. 2006; Ionova-Martin et al. 2010) , whereas obesity in adults or aged animals is postulated to cause an increase in bone size and a reduction in fracture incidence (Albala et al. 1996; Nguyen et al. 2005; Reid 2008) . We note that the mice in this study were middle-aged by the completion of the study, and this may explain why we observed an increase in bone mass rather than bone loss after HFD feeding. Moreover, the fatty acid profiles of the different chows might affect the outcome of the HFDinduced changes in bone metabolism (Watkins et al. 2000; Weiss et al. 2005 ); indeed, HFDs from different manufacturers are composed of varied components, especially the ratio of (n-6)/(n-3) fatty acids, and this may result in distinct bone phenotypes among the various studies.
In our previous study, IL-6 deficient mice presented with significantly enhanced osteoblastogenesis and bone formation, as IL-6 inhibits osteoblast differentiation (Franchimont et al. 2005) and has been shown to decrease the expression of differentiation markers in osteoblasts (Yang et al. 2007 ). In the present study, immunohistochemical staining for markers of osteogenesis showed that the expressions of two critical osteoblast differentiation markers, ALP and OCN, were attenuated after HFD feeding as compared with littermates fed a SD. This was particularly the case for IL-6 -/groups, in which the staining intensity for both osteogenic markers was reduced to that of the WT & SD group, indicating an inhibition of bone formation by HFD-induced obesity. It is well known that adipocytes and osteoblasts are derived from a common multipotent mesenchymal stem cell and that obesity may increase adipogenesis while decreasing osteoblastogenesis (Rosen and Bouxsein 2006) . However, our results demonstrated that bone mass was increased in WT mice fed a HFD, and this result did not reflect the impaired osteogenic ability that is caused by exaggerated adipogenesis. This discrepancy could be explained by the fact that increased body weight associated with obesity may counteract the detrimental effects of obesity on bone metabolism, as body weight or body mass index (BMI) is reported to be positively correlated with bone mass (Felson et al. 1993; Reid 2002 ) and low body weight or BMI may be a risk factor for low bone mass in humans (Ravn et al. 1999) .
Regarding the osteoclastogenesis, TRAP staining showed no significant change in the number of osteoclasts in the WT groups, which differs from the results of several other studies that fat deposition in the bone marrow microenvironment stimulates osteoclast formation and bone resorption (Cao et al. 2010; Halade et al. 2011) . This inconsistency may be caused by differences in the study animals in terms of age, dietary fat levels, and time or duration of HFD feeding. Interestingly, the elevated osteoclastogenesis for mice in the IL-6 -/-& SD group (as evidenced by the increased number of TRAP-positive osteoclasts) was significantly reduced after a HFD. This phenomenon may be attributable to the inhibited osteoblastogenesis of IL-6 -/mice by the HFD, which attenu-ates osteoclastogenesis via the RANKL/RANK/OPG pathway (Lacey et al. 1998; Yasuda et al. 1998 ).
An evaluation of the osteoclastic ability of osteoclasts using CK expression showed that the discrepancy between increased osteoclast number and decreased osteoclastic ability for mice in the IL-6 -/-& SD group was eliminated after they were fed a HFD. Meanwhile, the TUNEL assay showed that the IL-6 deficiency-induced increase in osteoclast apoptosis was also strongly inhibited by the HFD. Others have shown that a HFD-induced fat accumulation may affect the biological activity of osteoclasts through obesity-associated inflammation and adipocyte-derived hormones. Obesity is traditionally considered a state of low-grade inflammation associated with increased levels of pro-inflammatory cytokines, such as TNF-α, IL-1 and IL-6, which can exert both direct and indirect effects on bone metabolism (Shoelson et al. 2007; Halade et al. 2011 ). These cytokines have been shown to increase osteoclastogenesis (Khosla 2001) , activate osteoclastic ability, and inhibit osteoclast apoptosis (Mundy 2007; Sutherland et al. 2009 ). Despite the absence of IL-6, the IL-6 -/mice showed a relatively normal bone architecture and osteoclastogenesis as well as restored osteoclast survival when fed a HFD, which raises the possibility that the up-regulation of other inflammatory cytokines (TNF-α, monocyte chemotactic protein-1, IL-1, among others) may compensate the loss of IL-6 in these mice, as these cytokines have been shown to have intricate and overlapping functions with IL-6. Another potential mechanism of note to account for this fat-osteoclast interaction is the production of hormones and adipokines, such as leptin and adiponectin, by adipose tissue, which may influence bone mineral density (BMD) (Reid 2002) . Leptin may inhibit bone formation in trabecular bone through the sympathetic nervous system (Takeda et al. 2002) . Cao et al. (2010) found that serum leptin levels of mice fed a HFD increased by more than 4-fold, which may inhibit bone formation, as reported in genetic-and diet-induced mouse models of obesity (Fujita et al. 2012 ). Adiponectin-a member of the adipokine family and possessing anti-inflammation properties-is thought to increase bone mass by suppressing osteoclastogenesis and activating osteoblastogenesis (Williams et al. 2009 ). Plasma adiponectin levels have been reported to decrease in obese mice as compared with that in non-obese mice (Bullen et al. 2007 ). Therefore, the aforementioned fat tissue-derived adipokines may be implicated in HFD-induced bone microstructure normalization in IL-6 -/mice.
In conclusion, our results show that IL-6 deficiencyinduced bone microstructure abnormalities are partially reversed by the long-term consumption of a HFD. This rehabilitation of bone metabolism may be achieved by means of HFD-induced suppression of osteoblastogenesis, an upregulation of osteoclastic activity, as well as an inhibition of osteoclast apoptosis (Fig. 8 ). Further research is required to focus on the mechanism of synaptic effect of IL-6 deficiency combined with a HFD on altered bone metabolism. Figure 8 . Schematic model showing the roles of HFD-induced obesity and IL-6 knockout in mouse bone remodeling. IL-6 deficiency enhances bone formation by promoting osteoblastogenesis and suppressing bone resorption through an inhibition of osteoclastic ability and viability. In this process, the increase in osteoclastogenesis associated with enhanced osteoblastogenesis through the RANKL/OPG pathway cannot compensate for the reduced bone resorption that results from the decreased osteoclast activity; this, together, leads to the bone abnormalities observed in IL-6 -/mice. HFD-induced obesity restores the changes that occur in response to IL-6 deficiency through an inhibition of osteoblastogenesis and an increase in osteoclast action, such as osteoclastic resorptive ability and improved cell viability. These changes counteract the effects of IL-6 deficiency and thereby lead to the appearance of a relatively normal phenotype in tibial microstructure in IL-6 -/mice.
